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S e v e r a l  e t h y l e n e / m e t h y l  a c r y l a t e  copolymers have been s y n t h e s i z e d  
i n  a small  b a t c h - o p e r a t e d  a u t o c l a v e  a t  h i g h  p r e s s u r e s .  
t r o l l i n g  t h e  d e g r e e  of c o n v e r s i o n  and i n c r e m e n t a l  monomer a d d i t i o n ,  
t h e  p r o d u c t  compos i t ion  may now be p r e d e t e r m i n e d ,  d e s p i t e  un favor -  
ab le  monomer a c t i v i t y  r a t i o s .  The m o l e c u l a r  weight  o f  t h e  polymer 
p r o d u c t  can  a l s o  b e  c o n t r o l l e d  now by i n c o r p o r a t i n g  a c h a i n  t r a n s -  
f e r  a g e n t  s o  t h a t  p r o d u c t  w i t h  a d e s i r a b l e  m e l t  v i s c o s i t y  may b e  
p r e d e t e r m i n e d .  The t h i r d  pu rpose  o f  t h e  s y n t h e s i s  work - namely,  
p r e p a r i n g  a d e q u a t e  samples  o f  - d i f f e r e n t  compos i t ions  f o r  subsequen t  
t e s t  work - w i l l  b e  accompl ished  a s  soon as p o s s i b l e .  The copoly-  
m e r  compos i t ion  c u r r e n t l y  i s  c a l c u l a t e d  from e l e m e n t a l  a n a l y s i s  o f  
ca rbon  and hydrogen c o n t e n t ;  t h i s  a p p e a r s  t o  b e  t h e  most p r e c i s e  
method a t  t h e  moment. A t h i n  f i l m  o f  polymer ( a b o u t  1 m i l )  has 
n o t  been s u c c e s s f u l l y  p r e p a r e d  by hot p r e s s i n g ,  bu t  i t  has been 
s u c c e s s f u l l y  p r e p a r e d  by c a s t i n g  from a w a r m  dope. I n  t h e  l a t t e r  
p r o c e s s ,  t h e  f i l m  i s  v u l c a n i z e d  i n  a s e p a r a t e  s t e p .  Samples o f  
f i l m  f o r  more t h a n  t e s t  work may be p r e p a r e d  by blow e x t r u s i o n .  
The r e s i s t a n c e  (Ra) of  a r e c e n t l y  p r e p a r e d  membrane ( 5 . 3  m i l  t h i c k ,  
d r y )  o f  e t h y l e n e / a c r y l i c  a c i d  copolymer was measured as 0 . 0 5 5  ohm- 
i n 2 .  The b r i d g e  employed has been shown to b e  s a t i s f a c t o r y  f o r  
r e s i s t a n c e  measurements  by means of a r e f e r e n c e  membrane sample 
s u p p l i e d  by J P L .  
By con- 
i i i  
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T h i s  r e s e a r c h  and development program i s  aimed a t  t h e  p r e p a r a t i o n  
of  s e p a r a t o r  membranes f o r  s e a l e d  s i l v e r - z i n c  secondary  b a t t e r i e s  
which w i l l  f u n c t i o n  s a t i s f a c t o r i l y  b e f o r e  and a f t e r  h e a t  s t e r i l i -  
z a t i o n .  The program i n c l u d e s  s y n t h e s i s  o f  e t h y l e n e / m e t h y l  a c r y l a t e  
copolymers  by h i g h  p r e s s u r e  mass c o p o l y m e r i z a t i o n ,  c o n v e r s i o n  of 
copolymers  t o  t h i n  f i l m ,  v u l c a n i z a t i o n  of  t h e  t h i n  polymer f i l m ,  
and h y d r o l y s i s  t o  t h i n  f i l m s  o f  e t h y l e n e / a c r y l i c  a c i d .  The 
copolymer c h a r a c t e r i s t i c s  w i l l  b e  de te rmined  ( e s p e c i a l l y  hydro- 
l y t i c ,  t h e r m a l  and o x i d a t i v e  s t a b i l i t y )  to e s t a b l i s h  "optimum" 
compos i t ion .  One hundred  f e e t  of  t h e  bes t  f i l m  m a t e r i a l  w i l l  b e  
s u p p l i e d  to J P L  a t  t h e  c o n c l u s i o n  of t h e  c o n t r a c t .  
1 
0 MONSANTO RESEARCH CORPORATION 0 
2 .  SUMMARY A N D  C O N C L U S I O N S  
C o n s i d e r a b l e  t i m e  has been s p e n t  on t h e  s y n t h e s i s  of  copolymers  
of e t h y l e n e / m e t h y l  a c r y l a t e  ( E / M A R ) .  R e a c t i o n s  have been made 
i n  a o n e - l i t e r  s t i r r e d  a u t o c l a v e  to c o n t r o l l a b l y  s y n t h e s i z e  
copolymers  o f  d i f f e r e n t  monomer p r o p o r t i o n s ,  a t  about  1 0 - 2 0 %  
c o n v e r s i o n  o f  t o t a l  monomer (me thy l  a c r y l a t e  v i r t u a l l y  c o m p l e t e l y  
c o n v e r t e d ) .  The m o l e c u l a r  weight  o f  t h e  i n i t i a l  copolymer was 
too h i g h  ( i . e . ,  low me l t  i n d e x )  and would n o t  f low w e l l  i n  m e l t  
e x t r u s i o n .  
to t h e  p o l y m e r i z a t i o n  m i x t u r e  has produced a lower  m o l e c u l a r  
weight  copolymer t h a t  i s  p r e f e r a b l e  f o r  m e l t  e x t r u s i o n .  The m e l t  
v i s c o s i t y  and m o l e c u l a r  weight  o f  t h e  copolymer i s  an i n v e r s e  
f u n c t i o n  o f  t h e  " m e l t  i n d e x " ,  which i s  measured r e a d i l y .  
A d d i t i o n  of  c o n t r o l l e d  amounts o f  c h a i n  t r a n s f e r  a g e n t  
To d a t e ,  t h e  most p r e c i s e  method of a n a l y z i n g  t h e  copolymers  f o r  
t h e  r a t i o  of  E and MAR has been by  e l e m e n t a l  carbon and hydrogen 
d e t e r m i n a t i o n .  From t h e s e  v a l u e s ,  t h e  oxygen c o n t e n t  o f  t h e  co- 
polymer i s  o b t a i n e d  ( b y  d i f f e r e n c e ) ,  and t h e  MAR c o n t e n t  c a l c u l a t e d  
d i r e c t l y  . S a p o n i f i c a t i o n  has g e n e r a l l y  g i v e n  a p p r e c i a b l y  lower  
v a l u e s  f o r  MAR c o n t e n t  t h a n  e l e m e n t a l  a n a l y s i s ;  t h i s  a p p e a r s  to 
be due to i n c o m p l e t e  s a p o n i f i c a t i o n  and a nebu lous  end-po in t  re-  
s u l t i n g  f rom a he te rogeneous  s y s t e m .  I n f r a r e d  a b s o r p t i o n  spec t rum 
o f  t h e  copolymers  has s h a r p  a b s o r p t i o n  peaks  f o r  c a r b o x y l  and 
methylene  g r o u p s ,  b u t  a t  t h i s  t i m e ,  t h e  q u a n t i t a t i v e  c o r r e l a t i o n  
w i t h  monomer r a t i o  i s  n o t  known. 
I n  t h e  p a s t ,  E/MAR copolymer h a s  been s i m u l t a n e o u s l y  h o t  p r e s s e d  
and v u l c a n i z e d  i n t o  shee ts  t h i c k e r  t h a n  5 m i l s .  T h i s  p r o c e s s  i s  
n o t  a p p l i c a b l e  to making f i l m  about 1 m i l  t h i c k  because  t h e  po ly -  
mer f i l m  s t i c k s  to t h e  mold or p r e s s  and becomes b a d l y  d i s t o r t e d  
or t o r n  when s u f f i c i e n t  f o r c e  i s  a p p l i e d  to l o s s e n  t h e  f i l m .  When 
s u f f i c i e n t  q u a n t i t y  of  copolymer becomes a v a i l a b l e ,  i t  i s  a n t i c i -  
p a t e d  t h a t  th in  f i l m s  can and w i l l  b e  made s a t i s f a c t o r i l y  by blow 
e x t r u s i o n .  
' 
'1 
A t  t h e  p r e s e n t  t i m e ,  small  samples of  polymer a re  on hand and 
t h i n  f i l m s  a re  b e i n g  made by c a s t i n g  a s o l u t i o n  or dope o n t o  
smooth p l a t e s .  The s o l v e n t  i s  e v a p o r a t e d  a t  ambient or s l i g h t l y  
e l e v a t e d  t e m p e r a t u r e  and t h e  f i l m s  pee led  from t h e  p l a t e s .  These  
f i l m s  are  v u l c a n i z e d  i n  a s e p a r a t e  s t e p  by  heat lamps p l a c e d  
c l o s e  to t h e  suspended f i l m .  At tempts  to v u l c a n i z e  t h e  f i l m s  
i n  p l a c e  on t h e  c a s t i n g  p l a t e s  by h e a t i n g  to 1 5 O O C  have been 
u n s u c c e s s f u l ,  s i n c e  t h e  h e a t i n g  causes  t h e  f i l m s  to s t i c k  to t h e  
p l a t e s .  Methods o f  v u l c a n i z i n g  f i l m s  on t h e  c a s t i n g  p l a t e s  a re  
b e i n g  i n v e s t i g a t e d  f u r t h e r .  
2 
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A membrane o f  e t h y l e n e / a c r y l i c  a c i d  has been  made and  t h e  r e s i s t a n c e  
measured  i n  t h e  c e l l  on l o a n  from JPL. The R a  f o r  t h e  membrane, 
which was 5 . 3  m i l  t h i c k ,  was 0 . 0 5 5  ohm-in2 and  i n d i c a t e s  t h a t  a 
t h i n n e r  membrane might  b e  a c c e p t a b l e .  The  b r i d g e  s y s t e m  has been  
checked  by means o f  a r e f e r e n c e  f i l m  f rom J P L .  The measured R a  of 
0 .012  ohm-in2 seems t o  be i n  good agreement  w i t h  t h e  g i v e n  v a l u e  of  
0 . 0 1 1  ohm-in2 and  i n d i c a t e s  t h a t  t h e  b r i d g e  i s  s a t i s f a c t o r y  f o r  
t h i s  measurement .  
P l a n s  f o r  f u t u r e  work i n c l u d e  s y n t h e s i z i n g  a d d i t i o n a l  samples of 
copolymer ,  making and  v u l c a n i z i n g  t h i n  f i l m s  w i t h  d i f f e r e n t  monomer 
r a t i o s ,  and  h y d r o l y z i n g  t h e  t h i n  f i l m s .  A s  s amples  o f  f i l m  become 
a v a i l a b l e ,  t e s t  work w i l l  be  s t a r t e d .  
I 
i *  
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3 . 1  S y n t h e s i s  o f  Copolymer 
C o n s i d e r a b l e  t i m e  h a s  been s p e n t  s y n t h e s i z i n g  t h e  copolymer of 
e t h y l e n e  ( E )  and me thy l  a c r y l a t e  ( M A R ) .  While t h i s  copolymer 
i s  an  i n s u l a t o r ,  i t  i s  a n e c e s s a r y  p r e c u r s o r  t o  t h e  d e s i r e d  co- 
polymer o f  E and a c r y l i c  a c i d  (Acr  A )  because  t h e  l a t t e r  two 
monomers do n o t  copolymer ize  r e a d i l y .  E x p e r i m e n t a l  c o n d i t i o n s  
have been d e f i n e d  unde r  which copolymer w i t h  d i f f e r e n t  and con- 
t r o l l a b l e  p r o p o r t i o n s  o f  comonomers may b e  made. S p e c i f i c a l l y ,  
samples  o f  copolymer w i t h  about  2 0 %  MAR, 3 0 %  MAR, 4 0 %  M A R ,  5 0 %  
MAR, and 6 0 %  MAR, by  weight  a r e  be ing  s y n t h e s i z e d  for e v a l u a t i o n  
i n  t h e  p r o j e c t .  
Deta i l s  o f  t h e  c o p o l y m e r i z a t i o n  expe r imen t s  are  g i v e n  i n  T a b l e  I .  
[ S e v e r a l  e x p e r i m e n t s  i n  which t e m p e r a t u r e  and p r e s s u r e  c o n t r o l  
were p o o r  ( a n d / o r  r u p t u r e  d i s c s  blown) are n o t  i n c l u d e d . ]  From 
t h e s e  e x p e r i m e n t s ,  a s a t i s f a c t o r y  l e v e l  o f  i n i t i a t o r  h a s  been 
e s t a b l i s h e d  f o r  o b t a i n i n g  about  1 0 - 2 0 %  c o n v e r s i o n  of  monomers. 
A c t u a l l y ,  u n r e a c t e d  monomer was v i r t u a l l y  a l l  e t h y l e n e ,  and t h e  
me thy l  a c r y l a t e  was e s s e n t i a l l y  a l l  r e a c t e d  because  o f  t h e  
a p p r e c i a b l y  d i f f e r e n t  r e a c t i v i t y  r a t e s  o f  t h e  two monomers. For 
t h e  same r e a s o n ,  me thy l  a c r y l a t e  was added i n  small i n c r e m e n t s  
d u r i n g  t h e  c o u r s e  o f  t h e  r e a c t i o n  and when i n d i c a t e d  by  a p r e s s u r e  
d rop  o f  abou t  400  p s i g .  While t h e  r a t i o  o f  e t h y l e n e  to methy l  
a c r y l a t e  (monomer) i n  t h e  r e a c t o r  a t  any one t i m e  was q u i t e  h i g h ,  
t h e  mola r  r a t i o  of  t o t a l  e t h y l e n e  to t o t a l  me thy l  a c r y l a t e  monomers 
added to t h e  r e a c t o r  was v a r i e d  f r o m  about  2 0  to abou t  1 0 0 .  T h i s  
h a s  g i v e n  t h e  copolymer w i t h  d i f f e r e n t  compos i t ion  r a t i o s  shown 
i n  Tab le  I .  
A p o s s i b l e  method f o r  making f i l m  for b a t t e r y  s e p a r a t o r s  from 
t h e  copolymers  i s  by e x t r u s i o n .  From p a s t  e x p e r i e n c e  w e  know 
t h e  m e l t  v i s c o s i t y  o f  polymer must b e  i n  t h e  r a n g e  where smooth 
f low i s  o b t a i n e d  i n  o r d e r  t o  g i v e  s a t i s f a c t o r y  f i l m  by e x t r u s i o n .  
The m e l t  v i s c o s i t y  i s  an i n v e r s e  f u n c t i o n  o f  m o l e c u l a r  weight  and 
i s  g e n e r a l l y  d e f i n e d  by  a m e l t  i ndex  ( M . I . ) *  The M . I .  o f  s e v e r a l  
of t h e  polymers  i n  T a b l e  I was measured by s t a n d a r d  methods a t  
l 5 O o C ,  s i n c e  t h i s  i s  t h e  p r o b a b l e  t e m p e r a t u r e  f o r  e x t r u s i o n  and 
v u l c a n i z a t i o n  of f i l m .  The copolymers s y n t h e s i z e d  e a r l y  i n  t h i s  
work had v e r y  low M . I .  ( h i g h  m o l e c u l a r  w e i g h t ) .  T h e r e f o r e ,  l a t e r  
e x p e r i m e n t s  were made w i t h  a c h a i n  t r a n s f e r  a g e n t  (CTA) i n  t h e  
p o l y m e r i z a t i o n  m i x t u r e .  Adequate c o n t r o l  of  m e l t  i n d e x  seems t o  
have been a t t a i n e d ,  and copolymer wi th  a M.I.150 o f  2-10 w i l l  be  
u sed  to make t h e  s e p a r a t o r s .  
4 
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The copolymer a n a l y s i s  da t a  g i v e n  i n  T a b l e  I were o b t a i n e d  from 
ca rbon  and hydrogen a n a l y s i s ;  i . e . ,  t h e  p r o p o r t i o n  of  M A R  was 
c a l c u l a t e d  from t h e  oxygen c o n t e n t  o f  t h e  copolymer,  which i s  t h e  
d i f f e r e n c e  between 1 0 0  and t h e  sum o f  t h e  ca rbon  and hydrogen con- 
t e n t .  The r e s u l t s  by  t h i s  method have n o t  a lways g i v e n  good a g r e e -  
ment i n  repeat  a n a l y s i s ,  bu t  i t  s t i l l  a p p e a r s  to be more p r e c i s e  
t h a n  t h e  o t h e r  methods c o n s i d e r e d .  M o s t  o f  t h e  copolymer samples  
have been s a p o n i f i e d  and t h e  p r o p o r t i o n  o f  M A R  c a l c u l a t e d  from t h e  
s a p o n i f i c a t i o n  e q u i v a l e n t .  A comparison o f  t h e  M A R  c o n t e n t  c a l -  
c u l a t e d  by b o t h  methods f o r  s e v e r a l  copolymers  i s  shown i n  
T a b l e  11. 
I n  most c a s e s ,  t h e  M A R  c o n t e n t  c a l c u l a t e d  from t h e  s a p o n i f i c a t i o n  
e q u i v a l e n t  i s  a p p r e c i a b l y  lower  t h a n  t h a t  c a l c u l a t e d  from e l e m e n t a l  
a n a l y s i s  ( c a r b o n  and hydrogen de te rmined ,  oxygen c a l c u l a t e d  as 
d i f f e r e n c e ) .  T h i s  may be due to i ncomple t e  s a p o n i f i c a t i o n  and 
m i s l e a d i n g  n e u t r a l i z a t i o n  d u r i n g  t i t r a t i o n .  S a p o n i f i c a t i o n  has 
been c a r r i e d  o u t  i n  he t e rogeneous  s y s t e m s  of  polymer w i t h  aqueous 
or a l c o h o l i c  c a u s t i c ,  f o l l o w e d  by back t i t r a t i o n .  While small 
p a r t i c l e s  o f  polymer a r e  employed, some polymer may n o t  be  r e a d i l y  
a c c e s s i b l e  to t h e  c a u s t i c  and t h e  end-poin t  may be obscu red  by  t h e  
h e t e r o g e n e o u s  m i x t u r e .  T h e r e f o r e ,  a t  t h i s  t i m e ,  copolymer d i s t r i -  
b u t i o n  d e t e r m i n a t i o n  a p p e a r s  to be  more p r e c i s e l y  de t e rmined  by  
e l e m e n t a l  a n a l y s i s .  
The i n f r a r e d  spec t rum o f  t h i n  f i l m s  o f  polymer shows c h a r a c t e r i s t i c  
a b s o r p t i o n  peaks  a t  5 . 7 ~  f o r  t h e  c a r b o x y l  group and a t  6 . 8 ~  f o r  - methy lene  g r o u p s .  Whi le  t h e  a b s o r p t i o n  peaks  a p p e a r  to be re la -  
t i v e l y  s h a r p  and d i s t i n c t ,  q u a n t i t a t i v e  c o r r e l a t i o n  of  a b s o r p t i o n  
w i t h  copolymer p r o p o r t i o n  i s  n o t  r e a d i l y  a p p a r e n t .  A t y p i c a l  
spec t rum of  a copolymer sample ,  83032, i s  shown i n  F i g u r e  1. 
Values  l a b e l e d  "memory" are  a l s o  shown i n  Tab le  11. These v a l u e s  
i n d i c a t e  t h e  amount o f  s w e l l i n g  o f  e x t r u d e d  polymer a f t e r  l e a v i n g  
t h e  e x t r u s i o n  j e t .  The v a l u e s  a re  e s s e n t i a l l y  a f u n c t i o n  of t h e  
o r i f i c e  diameter  and l e n g t h ,  e x t r u s i o n  t e m p e r a t u r e ,  and polymer 
m o l e c u l a r  w e i g h t .  The v a l u e s  of about  35-40% f o r  t h e  E / M A R  sam- 
p l e s  i n d i c a t e  t h e  s w e l l i n g  which m u s t  b e  t a k e n  i n t o  accoun t  i n  
e x t r u s i o n  p r o c e s s e s  f o r  p r e p a r i n g  f i l m  or o t h e r  p l a s t i c  s h a p e s  
o f  d e s i r e d  t h i c k n e s s .  
6 
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a ASTM 1238, 1260 g l o a d ,  89 m i l  o r i f i c e ,  
w t  ( g )  o f  e x t r u d a t e  i n  1 0  min. 
S p e c i f i c  v i s c o s i t y  of 0.1% s o l u t i o n  i n  
x y l e n e  a t  105°C 
E x t r u d a t e  d i a m e t e r  i n c r e a s e  as compared t o  
o r i f i c e  d i a m e t e r  (89 m i l )  
loo [ m i l s  e x t r u d a t e  - 893 Memory = 
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3.2  F i l m  Forma t ion  
Th in  f i l m s  of E/MAR may be made by s e v e r a l  methods .  Q u a n t i t i e s  
of t h i n  f i l m  may b e s t  b e  made by  b low-ex t rud ing ,  and t h i s  method 
may be u s e d  l a t e r  f o r  p r e p a r a t i o n  of f i l m .  However, t h i s  method 
r e q u i r e s  polymer  samples  o f  a p p r e c i a b l e  s i z e ,  which are  n o t  y e t  
a v a i l a b l e .  T h e r e f o r e ,  o t h e r  methods o f  p r e p a r i n g  t h i n  f i l m s  must 
be  u s e d  a t  t h i s  t i m e .  
I n  t h e  p a s t ,  f i l m  or s h e e t  has been p r e p a r e d  by  h o t  p r e s s i n g ,  a 
p r o c e s s  i n  which t h e  s h e e t  i s  formed and v u l c a n i z e d  s i m u l t a n e o u s l y  
S h e e t i n g  5 m i l s  t h i c k  or t h i c k e r  has  been  s u c c e s s f u l l y  p r e p a r e d  by  
t h i s  method.  E/MAR i s  a r u b b e r y  polymer t h a t  adheres t o  s o l i d  
s u r f a c e s  a f t e r  m e l t i n g .  S h e e t i n g  t h a t  i s  5 m i l s  or t h i c k e r  has 
s u f f i c i e n t  body f o r  s u p p o r t  when p u l l e d  l o o s e  f rom t h e  mold s u r -  
f a c e s .  However, 1 m i l  f i l m  a d h e r e s  j u s t  as t i g h t l y ,  and when 
s u f f i c i e n t  f o r c e  i s  e x e r t e d  to remove i t  from a s u r f a c e ,  t h e  f i l m  
s t r e t c h e s  o u t  o f  shape  and  tears .  Consequen t ly ,  a t t e m p t s  t o  make 
whole and  s a t i s f a c t o r y  f i l m  abou t  1-2 m i l s  t h i c k  by  t h i s  method 
have  n o t  been  e n t i r e l y  s u c c e s s f u l .  
P e r h a p s  t h e  most f l e x i b l e  method of making t h i n  f i l m s  f rom po ly -  
m e r  s a m p l e s  o f  l i m i t e d  s i z e  i s  c a s t i n g  from a polymer s o l u t i o n  
or dope .  Thin  f i l m s  o f  abou t  1 m i l  t h i c k n e s s  have  been  c a s t  on 
g l a s s  or p o l i s h e d  chrome p l a t e s  f r o m  t o l u e n e  s o l u t i o n .  The s o l u -  
t i o n s  must be w a r m ,  s i n c e  t h e  c loud  t e m p e r a t u r e  (or g e l  tempera-  
t u r e )  i s  above  room t e m p e r a t u r e  (homo p o l y e t h y l e n e  c l o u d  tempera- 
J t u r e  i s  a b o u t  65°C i n  t o l u e n e ) .  A w a r m  s o l u t i o n  of polymer  (5-10%) 
i s  s p r e a d  e v e n l y  on t h e  p l a t e  w i t h  a Gardne r  k n i f e  and  t h e  s o l v e n t  
e v a p o r a t e d .  When d r y ,  t h e  f i l m s  may b e  p e e l e d  from t h e  p l a t e s  
w i t h  some s t r e t c h i n g ,  b u t  w i t h o u t  e x c e s s i v e  d i s t o r t i o n  and u s u a l l y  
w i t h o u t  t e a r i n g .  The f i l m s  a r e  formed a t  a m b i e n t ,  or s l i g h t l y  
e l e v a t e d ,  t e m p e r a t u r e  which i s  i n s u f f i c i e n t  t e m p e r a t u r e  f o r  vu l -  
c a n i z a t i o n  w i t h  t h e  c u r r e n t l y  employed v u l c a n i z i n g  s y s t e m .  
The c a s t  f i l m s  must b e  v u l c a n i z e d  i n  a s e p a r a t e  s t e p .  The most 
s u c c e s s f u l  method f o r  t h i s  has been t o  s u s p e n d  t h e  f r e e  f i l m  be-  
tween two heat lamps p l a c e d  a b o u t  3 i n .  away from e i t h e r  s i d e  o f  
t h e  f i l m  f o r  s e v e r a l  h o u r s .  Sma l l  samples o f  f i l m  p r e p a r e d  by  
t h i s  t e c h n i q u e  are c u r r e n t l y  b e i n g  h y d r o l y z e d  to E/Acr A f i l m  and  
w i l l  b e  examined f u r t h e r .  
Less t e d i o u s  methods o f  p r e p a r i n g  t h i n  f i l m s  are a l s o  b e i n g  
examined.  F a s t e r  v u l c a n i z a t i o n  would b e  e f f e c t e d  by h e a t i n g  t h e  
f i l m  to a b o u t  150°C.  However, b e f o r e  v u l c a n i z a t i o n  t h e  polymer  
f i l m  i s  r a t h e r  weak a t  t h i s  t e m p e r a t u r e .  T h e r e f o r e ,  t h e  chrome 
9 
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p l a t e s  w i t h  d r i e d  f ' i im i n  p l a c e  w e w  p u t  i i i  an over; a t  150OC. The 
v u l c a n i z e d  f i l m  was found to be t i g h t l y  s t u c k  to t h e  p l a t e s  and 
c o u l d  n o t  b e  removed whole.  Var ious  r e l ease  a g e n t s  have been 
i n c o r p o r a t e d  i n t o  t h e  polymer dopes (828701, and v a r i o u s  t r e a t -  
ments  of  t h e  c a s t i n g  p l a t e s  (82871) have been t r i e d ,  b u t  to d a t e ,  
none have p r e v e n t e d  s t o c k i n g  of  t h e  f i l m s  to t h e  p l a t e s .  
t h e  polymer becomes s o f t e n e d  when h e a t e d  to 1 5 O o C ,  and b e f o r e  
v u l c a n i z a t i o n  h a s  become e x t e n s i v e ,  i t  f u s e s  to t h e  p l a t e s .  A s  
t i m e  p e r m i t s ,  o t h e r  methods o f  v u l c a n i z i n g  t h e  c a s t  f i l m s  w i l l  b e  
A p p a r e n t l y ,  
I u s e d .  
3 .3  A C  R e s i s t a n c e  of  I o n  Exchange Membranes 
I n  t h e  f i r s t  q u a r t e r l y  p r o g r e s s  r e p o r t ,  t h e  measurement o f  A C  
r e s i s t n a c e  was d i s c u s s e d .  The methods employed i n  t h i s  e a r l y  
work were t h o s e  deve loped  i n  p r e v i o u s  p r o j e c t s .  They were found 
t o  be i n c o n s i s t e n t  w i t h  o t h e r  work on b a t t e r y  s e p a r a t o r s  and were 
c o n s e q u e n t l y  o f  dub ious  v a l u e .  S ince  t h e n ,  a r e s i s t a n c e - m e a s u r i n g  
c e l l  has  been  r e c e i v e d  on l o a n  from JPL f o r  measur ing  t h e  A C  
r e s i s t a n c e  of  t h i n  membranes i n  an e l e c t r o l y t e .  The e l e c t r o l y t e  
o f  i n t e r e s t  i n  t h i s  work i s  aqueous K O H ,  and u n l e s s  i n d i c a t i o n s  are 
to t h e  c o n t r a r y ,  4 0 %  KOH w i l l  b e  employed. The r e s i s t a n c e  c e l l  i s  
s u p p o r t e d  on aluminum l e g s  and t h e  e l e c t r o l y t e  i s  k e p t  i n  p l a s t i c  
s i d e  o f  t h e  r e s i s t a n c e  c e l l  i s  connec ted  t o  a s e p a r a t e  s u p p l y  of  
e l e c t r o l y t e .  
The measurements  have been made wi th  an ESI Impedance B r i d g e ,  
Model 2 5 0 ,  u s i n g  an e x t e r n a l  v a r i a b l e  c a p a c i t o r  to b a l a n c e  t h e  
impedance c e l l .  The e x t e r n a l  c a p a c i t o r  c u r r e n t l y  i n  u s e  i s  a 
C o r n e l l - D u b i l i e r  Decade C a p a c i t o r ,  from 0 to 1.1 m i c r o f a r a d ,  i n  
0 . 0 1  uf  s t e p s ,  which i s  connec ted  i n  t h e  same b r i d g e  c u r r e n t  
c i r c u i t  as t h e  r e s i s t a n c e  c e l l  and a c r o s s  t h e  a d j a c e n t  b r i d g e  
arm. Adjustment o f  c a p a c i t a n c e  more a c c u r a t e l y  t h a n  to t h e  
n e a r e s t  0 . 0 1  uf  ( w i t h  i n f i n i t e l y  v a r i a b l e  c a p a c i t o r )  does  n o t  
a p p e a r  t o  improve t h e  measurements s i g n i f i c a n t l y .  The p r e c i s i o n  
o f  t h e  b r i d g e  w i t h  t h e  e x t e r n a l  c a p a c i t o r  s u i t a b l y  a d j u s t e d  
a p p e a r s  to b e  s a t i s f a c t o r y ;  i . e . ,  t h e  n u l l  i n d i c a t o r  i s  s e n s i -  
t i v e  to 0 . 0 1  ohm change.  The b e s t  s e n s i t i v i t y  i s  o b t a i n e d  w i t h  
t h e  d e t e c t o r  a m p l i f i e r  a t  maximum, o f  c o u r s e .  The power a c r o s s  
t h e  c e l l  has  been measured a t  about  9 m i l l i w a t t s ,  maximum, a t  
1 0 0 0  c y c l e s ,  w i t h  t h e  o s c i l l a t o r  s e t  f o r  maximum o u t p u t .  A l l  
measurements a re  made a t  t h i s  power s i n c e  t h e  change o f  r e s i s t a n c e  
w i t h  power o u t p u t ,  i f  any,  i s  not known. 
I 
' b o t t l e s  c o n n e c t e d  t o  t h e  c e l l  by tygon t u b i n g .  A c t u a l l y ,  e a c h  
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Some f i l m  samples  made i n  p r e v i o u s  work a t  Monsanto were r e t r i e v e d  
and t h e  A C  r e s i s t a n c e  o f  t h e  membranes was measured.  These samples  
had been s t o r e d  f o r  some t i m e  wi thout  i n h i b i t o r s .  B e f o r e  t h e  mea- 
s u r e m e n t s ,  t h e  samples  were soaked  f o r  more t h a n  2 4  h r  i n  4 0 %  KOH 
s o l u t i o n .  The e l e c t r o l y t e  employed i n  t h e  c e l l  a l s o  was 4 0 %  KOH. 
The r e s u l t s  a re  shown i n  T a b l e  111. 
The d a t a  o f  Tab le  I11 show t h e s e  membranes have lower  r e s i s t a n c e  
t o  A C  c u r r e n t  t h a n  some polymers  b u t  t h e  measured r e s i s t a n c e s  
were somewhat h i g h e r  t h a n  e x p e c t e d .  I n  t h e  c a l c u l a t i o n  o f  area 
r e s i s t a n c e  ( R a )  t h e  t h i c k n e s s  of  t h e  f i l m s  i s  n o t  i n c l u d e d ,  
a l t h o u g h  r e s i s t a n c e  and t h i c k n e s s  a r e  d i r e c t l y  p r o p o r t i o n a l .  An 
approx ima te  comparison o f  two f i lms  o f  d i f f e r e n t  t h i c k n e s s  may 
be made from t h e  s p e c i f i c  r e s i s t a n c e  ( r ) ,  o b t a i n e d  by d i v i d i n g  
R a  by f i l m  t h i c k n e s s .  For example,  t h e  s p e c i f i c  r e s i s t a n c e  of 
74358-25 i s  2 1 . 8  ohm-in2 p e r  i n c h  ( . 0 0 9 5  i n c h e s  t h i c k ) .  Cons ider -  
a t i o n  of f i l m  t h i c k n e s s  i n  t h i s  xanner  i n t r o d u c e s  a d d i t i o n a l  
u n c e r t a i n t y  i n  t h e  r e s u l t s  and t h e r e f o r e  t h e  s p e c i f i c  r e s i s t a n c e  
h a s  n o t  been  c a l c u l a t e d  i n  Table  111. S p e c i f i c a l l y ,  f i l m  t h i c k -  
n e s s  can o n l y  b e  measured t o  t h e  n e a r e s t  5 -10% ( l e s s  p r e c i s i o n  
for t h i n n e r  f i l m s ) .  The e f f e c t i v e  t h i c k n e s s  of  t h e  f i l m  i s  n o t  
c l e a r l y  u n d e r s t o o d  bu t  i s  t h o u g h t  t o  d i f f e r  from t h e  t h i c k n e s s  
of  d r y  f i l m  due t o  s w e l l i n g  by t h e  e l e c t r o l y t e .  
The f i l m s  ment ioned  above a p p e a r  t o  b e  s t a b l e  i n  t h e  aqueous  
e l e c t r o l y t e  o f  4 0 %  KOH,  bu t  some s w e l l i n g  was n o t i c e d .  The 
f i l m s  were s w e l l e d  t o  a much g r e a t e r  e x t e n t  by s o a k i n g  i n  d i s -  - t i l l e d  water. The w a t e r  soaked  f i l m s  a l s o  have lower  A C  res i s -  
t a n c e ,  sometimes l e s s  t h a n  1 0 %  o f  t h e  r e s i s t a n c e  o f  t h e  same 
f i l m  a f t e r  c o n d i t i o n i n g  i n  t h e  4 0 %  KOH. Obvious ly ,  p r e c o n d i t i o n -  
i n g  i n  t h e  e l e c t r o l y t e  i n  which t h e  m a t e r i a l s  w i l l  be employed i s  
n e c e s s a r y  f o r  a c c u r a t e  measurements.  Without  i n d i c a t i o n s  to t h e  
c o n t r a r y ,  4 0 %  KOH w i l l  be used  i n  t h i s  work. 
The r e s i s t a n c e  of f i l m s  g i v e n  i n  Table  I11 a p p e a r s  t o  b e  r a t h e r  
h i g h  and not n e c e s a r i l y  r e p r e s e n t a t i v e  o f  t h i s  copolymer.  A 
f i l m  sample  h a s  been made from copolymer r e c e n t l y  s y n t h e s i z e d ,  
i . e . ,  a c r o s s l i n k e d  e t h y l e n e / a c r y l i c  a c i d  copolymer.  The sample ,  
8 2 9 7 9 ,  c o n t a i n s  4 3 . 6 %  a c r y l i c  a c i d  and i s  5 . 3  m i l s  t h i c k  ( d r y ) .  
T h i s  sample  swells i n  w a t e r  and 4 0 %  KOH s i m i l a r l y  to t h o s e  d i s -  
c u s s e d  above.  A f t e r  c o n d i t i o n i n g  i n  4 0 %  KOH f o r  more t h a n  2 4  h r ,  
t h e  r e s i s t a n c e  of t h e  c e l l  was measured and t h e  R a  c a l c u l a t e d  t o  
be 0 . 0 5 5  ohm-in2. A 1 - m i l  f i l m  o f  t h i s  mater ia l  would p r o b a b l y  
have R a  o f  abou t  0 . 0 1  - 0 . 0 1 5  ohm-in2 which i s  comparable  to 
s e p a r a t o r  mater ia l  c u r r e n t l y  a v a i l a b l e .  T h i s  shows t h e  feas i -  
b i l i t y  o f  making l o w - r e s i s t a n c e  s e p a r a t o r  membranes by  t h e  methods 
employed h e r e .  
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T a b l e  111 
AC RESISTANCE OF MEMBRANES 
Experiment 82862, 82863 
Aperture 0.04906 sq. inches 
AC Frequency 1000 cycles 
Electrolyte 40% KOH 
COMPOSITION 
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'Precursor polymer composition, ethylene/methyl acrylate, crosslink+:C 
'Calculated composition of hydrolysed copolymer, ethylene/acrylic, 
3Area resistance, i .e. area of exposed membrane (aperture) times 
4E/MAR precursor contbins 10 wt. % carbon 
acid, exclusive of fillers, when used 
difference of cell resistance (OHMS) with and without membrane in 
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The c o n c l u s i o n s  made ab=ve a re  based m measurements  w i t h  a 
b r i d g e  n o t  p r e v i o u s l y  employed. The b r i d g e  a p p e a r s  to be  ope- 
r a t i n g  s a t i s f a c t o r i l y  and t h e  c o n c l u s i o n s  a p p e a r  t o  be  v a l i d .  
However, a d d i t i o n a l  c o r r o b o r a t i o n  o f  t h e  a p p l i c a b i l i t y  o f  t h i s  
b r i d g e  i n  t h i s  measurement appeared  d e s i r a b l e .  For t h i s  p u r p o s e ,  
a sample  o f  f i l m  o f  known area r e s i s t a n c e ,  as measured by  t h e  
same method u s i n g  a Wayne-Kerr impedance b r i d g e  has been s u p p l i e d  
by J P L .  For t h e  t e s t  exper iment  ( 8 2 8 6 6 ) ,  s i x  p i e c e s  o f  t h e  f i l m  
abou t  1 / 2  i n .  s q u a r e  were c u t  from d i f f e r e n t  s e c t i o n s  o f  r e f e r e n c e  
f i l m  and a n o t h e r  p i e c e  c u t  w i t h  a c e n t e r  h o l e  l a r g e r  t h a n  t h e  
open ing  t h r u  t h e  r e s i s t a n c e  c e l l .  All spec imens  ( a b o u t  1 . 2  - 1 . 5  
m i l  t h i c k )  were soaked  i n  4 0 %  KOH for more t h a n  2 4  h r  and t h e  
r e s i s t a n c e  o f  t h e  s i x  s e p a r a t e  p i e c e s  o f  specimen measured.  For 
t h e  d e t e r m i n a t i o n  o f  t h e  c e l l  r e s i s t a n c e ,  t h e  s q u a r e  "donut"  
specimen was p l a c e d  i n  t h e  c e l l  w i t h  none o f  t h e  membrane i n  t h e  
c u r r e n t  p a t h  d u r i n g  t h e  r e s i s t a n c e  measurement.  The r e s u l t s  a re  
g i v e n  i n  T a b l e  I V .  The e x t e r n a l  c a p a c i t o r  was s e t  a t  0 . 4 7  - 0 . 5 1  
uf f o r  t h e s e  measurements .  
The measured R a  o f  0 . 0 1 2  ohm-in2 a g r e e s  w e l l  w i t h  0 . 0 1 1  ohm-in2 
v a l u e  g i v e n  by Mr. Werner von Hartmann ( l e t t e r  to I .  0.  S a l y e r ,  
28  November 1 9 6 7 ) .  
B r i d g e  i s  a s a t i s f a c t o r y  i n s t r u m e n t  f o r  t hese  measurements .  
These r e s u l t s  i n d i c a t e  t h a t  t h e  E S I  Impedance 
It i s  i n t e r e s t i n g  to n o t e  t h e  e f f e c t  o f  t h e  p l a s t i c  washer ( o r  
d o n u t )  s p a c e r  when measur ing  t h e  r e s i s t a n c e  o f  c e l l  a l o n e .  The 
measurement i n  t h e  above t a b l e  was made w i t h  t h e  donut  i n  p l a c e ,  
which e s s e n t i a l l y  moves t h e  e l e c t r o d e s  f a r t h e r  a p a r t  t h a n  when 
t h e  c e l l  i s  assembled w i t h o u t  t h e  donut and separated on ly  by  
e l e c t r o l y t e .  Without  t h e  donut  t h e  c e l l  r e s i s t a n c e  was 17.47 
ohms. Using t h i s  v a l u e ,  t h e  R a  of t h e  r e f e r e n c e  f i l m  c a l c u l a t e s  
t o  be 0 . 0 1 8  ohm-in2, which i s  a p p r e c i a b l y  g r e a t e r  t h a n  t h e  R a  
of 0 . 0 1 2  ohm-in2. P r e v i o u s  measurements o f  c e l l  r e s i s t a n c e  
have  been made w i t h  no  p l a s t i c  s p a c e r .  I n  t h e  f u t u r e  c e l l  
r e s i s t a n c e  w i l l  be s p e c i f i e d  as to whethe r  measurements were 
made w i t h  or w i t h o u t  a po lymer i c  s p a c e r .  
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Table  I V  
RESISTANCE OF REFERENCE MEMBRANE 
ESI Impedance Br idge  
1 0 0 0  c y c l e  f r equency  
A p e r t u r e  0.04906 sq. i n .  
E l e c t r o l y t e  40% KOH 
E l e c t .  Temp. 
Specimen O C  
1 
2 
Avg. of  







6 samples  
Donut 24.9 
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R a  
-- 
-- 
0 . 0 1 2  ohm-in2 
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4. L I A I S O N  
The p r o j e c t  g roup  m e t  w i t h  M r .  Werner von Hartmann o f  J P L  on 
4 October  1 9 6 7  a t  t h e  Dayton L a b o r a t o r y ,  t o  d i s c u s s  v a r i o u s  
a s p e c t s  o f  t h e  p r o j e c t .  A t e l e p h o n e  c a l l  was r e c e i v e d  on 
2 4  November 1967 from Mr. von Hartmann t o  b r i e f l y  d i s c u s s  
p r o g r e s s  on t h e  p r o j e c t  and t h e  r e f e r e n c e  f i l m  f o r  check ing  
t h e  r e s i s t a n c e  measurements .  The r e f e r e n c e  f i l m  and a c o v e r i n g  
l e t t e r  were r e c e i v e d  from Mr. von Hartmann on 1 December 1 9 6 7 .  
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5. FUTUHE PLANS 
S y n t h e s i s  o f  copolymer w i t h  d i f f e r e n t  monomer r a t i o s  w i l l  b e  
c o n t i n u e d  t o  p roduce  s u p p l i e s  s u f f i c i e n t  f o r  t e s t  work. 
The copolymers  will b e  c h a r a c t e r i z e d .  
Th in  films w i l l  b e  p r e p a r e d ,  v u l c a n i z e d  and h y d r o l y z e d .  
T e s t  work on t h i n  f i l m s  w i l l  be  s t a r t e d  as soon as samples  are  
a v a i l a b l e .  
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